INTRODUCTION
Despite better understanding of the pathophysiology and improved management of sepsis, severe sepsis, and septic shock, the incidence continues to increase (1) (2) (3) (4) (5) . The mortality rates still remain unacceptably high, ranging from 31 to 61% in multicentre trials of septic shock (6) (7) (8) (9) (10) .
Efforts have been made during the past decade to develop protocols for management, in analogy with the previous evolution of standardized care of other acute medical conditions like myocardial infarction and multitrauma (11) (12) (13) (14) . An outcome benefit is associated with early diagnosis and structured resuscitation of patients with severe sepsis and septic shock, i.e., EarlyGoal-Directed-Therapy (EGDT) (12, 15, 16) . Elapsed time from triage and qualification for EGDT to administration of appropriate antimicrobials are primary determinants of mortality in patients with severe sepsis and septic shock (17) . Kumar et al. (18) reported that correct and rapid administration of adequate antibiotics significantly reduces mortality rates, with each hour of delay in antimicrobial administration over the ensuing 6 h being associated with an average decreased survival of 7.6%. However, it was recently emphasized that in patients who received antibiotics after shock recognition, there is no increase in mortality associated with a delay in antibiotics administration (19) . Levy et al. (20) recently reported a significant difference between the USA and Europe in unadjusted mortality in severe sepsis/septic shock patients. Importantly, this difference disappeared when adjusting for severity of illness, emphasizing the complexity in interpreting results from different sites. Several factors including among others regional health care approaches as well as access to care, age, and comorbid disease burden will all influence outcome. In Scandinavian countries lower mortality rates are commonly reported, for instance in the Finnsepsis study the Intensive Care Unit (ICU), hospital, and 1-year mortality rates in severe sepsis were 15.5, 28.3, and 40.9%, respectively (21) . The Finnsepsis study group also reported low mortality rates in community-acquired septic shock with ICU and hospital mortalities of 22 and 35%, respectively (22) . In Norway, hospital mortality in severe sepsis and septic shock were 27 and 29%, respectively (23) . Likewise, we have in our previous studies on biomarkers in sepsis observed a relatively low day 28 mortality rate of 15.6 and 26% in severe sepsis and septic chock (24, 25) . The Scandinavian countries share a beneficial antibiotic susceptibility setting that allows for studies of clinical outcome in severe infections not complicated by antibiotic resistance.
The aim of this paper was to investigate day 28, hospital, and 1-year mortality in a prospective study of hospital and communityacquired severe sepsis and septic shock patients treated in an ICU in a Swedish University Hospital, and to evaluate risk factors for sepsis-related death. A second aim was to investigate patient care in the emergency department (ED), in particular time to antibiotics and time to clinician evaluation in relation to gender.
MATERIALS AND METHODS

STUDY SETTING AND PATIENT COHORTS
In this prospective observational cohort study, a total of 101 patients were included in the septic cohort during the study period from October 2005 to June 2009. Inclusion criteria were a diagnosis of severe sepsis or septic shock within the last 24 h in patients admitted to the mixed medical and surgical ICU (12 beds) of Karolinska University Hospital Huddinge, a tertiary care facility. Because of hospital sub-specialization in Stockholm County, the Karolinska University hospital in Huddinge does not admit multi-trauma patients and patients with elective lower GI, thoracic, or brain surgery are operated elsewhere. In the septic cohort, 43 patients were admitted to the ICU through the ED, allowing for evaluation of immediate patient care. Identification and enrollment of patients was performed by a research nurse during day-time, Monday to Friday recruitment, which explains the inclusion of patients over an extended period of time.
Severe sepsis and septic shock, including the clinical variables were defined according to the criteria proposed by the American College of Chest Physicians/Society of Critical Care Medicine (26) . The diagnosis of sepsis required a clinical assessment of infection together with systemic inflammatory reaction. Systemic inflammatory reaction was defined by at least two of the following criteria: fever or hypothermia (temperature >38.0 or <36.0°C, respectively), tachycardia (heart rate >90 beats/min), tachypnea (respiratory rate >20 breaths/min, or PaCO2 <32 torr (4.3 kPa) or the requirement of mechanical ventilation), and white blood cell count >12 × 10 9 /L (or >10% immature white blood cells). Severe sepsis was defined as sepsis in addition to signs of acute reduction of organ perfusion (not related to primary septic focus or underlying chronic disease) as manifested by at least one of the following: (a) acute deterioration of mental status; (b) arterial hypoxemia [PaO2 <75 torr (10 kPa) without evidence of primary lung disease]; (c) oliguria (urine production <0.5 mL/kg/h for >2 h); (d) acute deterioration of liver function (S-bilirubin >43 µmol/L, or S-alanine transaminase more than twice elevated above reference value; (e) metabolic acidosis (plasma lactate elevated above normal levels or base excess ≥5 mEq/L); or (f) recent coagulation abnormality (prothrombin time or activated partial thromboplastin time ≥1.2 times the upper limit plus D-dimer ≥0.5 mg/L or platelets ≤75 × 10 9 /L or a 50% reduction in 24 h). Septic shock was defined as severe sepsis in addition to hypotension requiring vasopressor support, or mean arterial pressure <70 mmHg for ≥30 min despite adequate fluid resuscitation.
In addition to the prospective cohort above, we also included sepsis patients enrolled in two previous prospective studies as a confirmatory cohort for comparison of mortality rates. These studies had similar or identical inclusion criteria and were conducted at the same study site between 1998 and 2001 (n = 54; 22 severe sepsis and 32 septic shock) and 2003 and 2005 (n = 50; 9 severe sepsis and 41 septic shock) (24, 25) .
The study was conducted in accordance with the declaration of Helsinki and was approved by the local ethics committee of Karolinska University Hospital. Written informed consent was obtained from the patients or their close relatives, and are archived by the authors.
DATA COLLECTION AND OUTCOMES
Blood samples were collected from all patients and controls at inclusion (0 h). Tubes were immediately centrifuged at 3000 rpm for 10 min and aliquots of plasma were stored at −70°C until analysis. Standard laboratory analyses were performed at the Clinical chemistry laboratory, Huddinge, according to the manufacturer's instructions.
Clinical data, including variables specified in Table 1 , were registered according to a predesigned Case Record Form daily for all patients until day 7. Severity of disease was measured by Acute Physiology and Chronic Health Evaluation (APACHE) II (27) at admittance and also by daily Sepsis-related Organ Failure Assessment (SOFA) scores until day 7 (28) . These scores and final diagnoses were determined retrospectively, on the basis of complete patient charts and laboratory tests. The results of blood and microbiological cultures were recorded.
The primary outcomes studied were day 28 mortality, inhospital mortality (death during hospital stay), and 1-year mortality. The outcomes were further compared with the above described independent cohorts. The multivariate regression analysis for risk factors of death in severe sepsis and septic shock was performed and the survival rate was further analyzed in groups stratified by age. We also retrospectively registered adequate antibiotic treatment (determined based on comparison between administered antibiotics and blood culture findings and/or diagnosis) and the presence of multi-resistant bacteria defined as Extended Spectrum Beta Lactamase (ESBL) or other multi-resistant Gram-negatives, Vancomycin Resistant Enterococci (VRE), or Meticillin Resistant Staphylococcus aureus (MRSA). We retrospectively studied the timing of antibiotic administration and clinician evaluation in those patients that were admitted to the ICU through the ED (n = 43) and performed a comparison based on gender. At Karolinska University Hospital the exact time (hours:minutes) of the above specified factors as well as time of admission is recorded in the electronic patient chart. Table 3 . All factors with a univariate p-value of <0.1 were entered into a stepwise Cox regression model where the model selection was based on the Akaike Information Criteria (AIC) approach. The GraphPad Prism 5 (GraphPad Software, La Jolla) was used for all statistical analyses except the multivariate analysis where the R version 2.14.1 was used.
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RESULTS
PATIENTS: CLINICAL AND MICROBIOLOGICAL CHARACTERISTICS
After final classification, 86 patients with septic shock and 15 patients with severe sepsis were included in the study, i.e., a total number of 101 patients referred to as the septic cohort. Clinical characteristics and laboratory findings are presented in Table 1 . In each group of patients, the majority (>89%) had underlying medical conditions, such as a history of cancer, cardiac disease, and diabetes. In addition to cardiovascular shock, 49% of septic shock patients had kidney failure, 84% had respiratory failure, and 15% had coagulation abnormalities. All septic shock patients were put on vasopressor support, 93% were on insulin therapy at study inclusion, and four patients were treated with intravenous immunoglobulin adjunctive therapy. Thirtyeight patients were immunosuppressed according to APACHE II criteria. High-dose cortisone (i.e., exceeding a dose of 1000 mg of hydrocortisone daily) was given to only one patient with septic shock, whereas 73% of septic shock and 60% of severe sepsis patients received low dose cortisone (50-200 mg of hydrocortisone three to four times daily). The median ICU and hospital length of stays were 5 and 26 days, respectively, in the septic cohort.
The most prevalent underlying causes of severe sepsis and septic shock were abdominal infections, pneumonia, and urosepsis (Table 1) , which together represented 82% of the septic cohort. Five patients had infections of undefined origin.
In all patients with severe sepsis and septic shock, blood cultures were taken in 92 out of the 101 patients and 49% of these were culture-positive. The highest frequency of blood cultures were obtained in patients with urinary tract infections (88% positive cultures), skin/soft tissue infections (77% positive cultures), and intra-abdominal infections (36% positive cultures). There was an overrepresentation of Gram-negative bacteria (59%) as compared to Gram-positive bacteria (41%), consistent with abdominal origin being the most prevalent source of infection. Escherichia coli was the pathogen most commonly isolated ( Table 2) , predominantly from patients with urinary tract or intraabdominal infections. Etiology was established in another 38 cases 
Organism
No. isolates (n = 49)
Escherichia coli 18
Staphylococcus aureus (MSSA a ) 5
Klebsiella pneumonia 3
Pseudomonas 3
Streptococcus pneumonia 3
Serratia marcescens 2
Enterococcus faecalis 7
Proteus mirabilis 1 through alternative microbiological cultures and serology. Fourteen patients in the septic cohort lacked conclusive microbiological diagnosis.
In relation to microbiological findings or diagnosis, 93% of patients with severe sepsis or septic shock received adequate antibiotic treatment. Seven patients received suboptimal antibiotic treatment in relation to subsequent culture findings, but none of these had multi-resistant bacteria (i.e., ESBL, other multi-resistant Gram-negatives, VRE, or MRSA). Of the 101 patients in our septic cohort, only 2 had positive blood cultures of ESBL producing bacteria (E. coli), 1 had VRE, and 2 had Serratia marcescens resistant to Cefuroxim. The most common initial empiric antibiotic treatment was carbapenems (60%), followed by cephalosporins (20%), and piperacillin-tazobactam (13%). Twenty-three percent received concurrent treatment with aminoglycosides. Adequate antimicrobial therapy refers to empirical treatment on admittance, at which time most patients did not have a microbiological diagnosis. Many patients had postsurgical or hospital acquired infections, for which carbapenems are recommended in Swedish guidelines.
SHORT-AND LONG-TERM MORTALITY, AND RISK FACTORS FOR DEATH
The overall day 28 mortality rate was 19% in the septic cohort and the hospital mortality was 29%. There were five additional deaths after discharge in the septic cohort, yielding 1-year mortality rate of 34%. Patients were stratified by age with a cut off at 70 years. As expected, the elderly patients (n = 33 vs. 68 in the younger group), had higher day 28, hospital, and 1-year mortality compared with the younger group (21, 33, and 48 vs. 18, 26, and 26%) (Figure 1) .
The day 28 non-survivors all died of septic shock with multiple organ failure. The most common cause of death between days 28 and 365 was also a sustained septic shock with multiple organ failure followed by cardiac heart failure, pneumonia, cardiac arrest, acute myocardial infarct, and liver failure. Two previous studies with independent cohorts of 54 and 50 patients with severe sepsis and septic shock, enrolled at the same site as the current study, reported low day 28 mortality rates (24, 25) . Here, we retrospectively calculated the hospital and 1-year mortality of these previous cohorts. The hospital mortality rate was 33% and the 1-year mortality rate was 41%, consistent with our current study. Mortality rates in pooled data with all three cohorts were 22% at day 28 (n = 45/205) and 38% at day 365 (n = 77/205). The hospital mortality rate was 31% (n = 62/205).
Frontiers in Public Health | Infectious Diseases
A multivariate regression analysis for risk factors of death in severe sepsis and septic shock was performed using all patients in the three sepsis cohorts (n = 205, septic shock n = 159, severe sepsis n = 46). All independent factors with a p-value of <0.1 in the univariate analysis listed in Table 3 were included in the multivariate analyses in which age, cardiac heart failure, immunosuppression, and SOFA score were shown to be independent risk factors for death ( Table 4) .
PATIENTS WITH COMMUNITY-ACQUIRED SEVERE SEPSIS/SEPTIC SHOCK ADMITTED TO THE ICU THROUGH THE ED
The septic cohort included 43 patients with community-acquired severe sepsis and septic shock arriving to the ICU directly from the ED ( Table 5 ). This cohort was used to specifically assess time to see a clinician and to antibiotic administration. In the total cohort, the immediacy of fluid treatment was also registered. Nine patients received pre-hospital (ambulance) fluid treatment. The remaining 34 received fluid after a mean 46 min (range 0-157 min), whereof 21% within 15 min, 47% within 30 min, and 71% of the patients within 60 min. Pre-ICU fluids consisted only of crystalloids, colloids were only given in the ICU. Sixty-three percent of the patients were assessed by a physician within 30 min, 98% within 60 min. The median time to first dose of antibiotic treatment was 86 min (IQR 52-165). Seventy-three percent of the patients received antibiotic treatment within 2 h. Mortality rates within each hour of antibiotic delay is shown in Figure 2 .
The analyses were also made according to gender, and as shown in Table 5 , the female patients were younger than the male patients (p = 0.013) but were similar with respect to severity of disease, diagnosis, and comorbidities. In addition, no significant difference in baseline cytokine levels were found, although female showed slightly higher levels of all three cytokines. Female patients waited for physician evaluation for a median time of 32 min (IQR 8-39 min) as compared to 12 min (IQR 4-35 min) after admission to the ED for male patients (p = 0.22). In addition, female patients had a significantly delayed time to antibiotic treatment as compared to men, a median of 144 min (IQR 70-185) compared to 67 min (IQR 36-135 min; p = 0.0469) ( Figure 3A) . Measuring time from physician assessment to first dose of antibiotics, we found similar gender differences. Women received the first dose at 101 min (IQR 66-140 min) as compared to 52 min (IQR 25-96 min) for males (p = 0.0216) (Figure 3B ).
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DISCUSSION
This prospective observational study of severe sepsis and septic shock in a mixed medical and surgical ICU in a Swedish University Hospital is based on a septic cohort, which is comparable with cohorts of previously reported international studies in respect to severity of sepsis, defined by severity scores, age, and underlying conditions (10, 18, 21) . We report mortality rates of 19% (day 28), 29% (hospital), and 34% (1 year). Both short-and long-term mortality was due to a septic shock with multiple organ failure which in the late mortality cases were followed by cardiac heart failure, pneumonia, cardiac arrest, acute myocardial infarct, and liver failure. Risk factors for death were age, cardiac heart failure, immunosuppression, and SOFA score. The noted mortality rates are lower than that reported in the study by Kumar et al. (18) , in which the hospital mortality rate amounted to 56% in septic shock patients, as well as in the study by Ranieri et al. (29) with a reported day 28 mortality rate of 25.3%. Similarly, in an European multicentre study of septic shock patients (10), in which ages and SOFA scores matched those of our study, the 28-day mortality rate was 33% and the hospital mortality rate was 43%. It is important to highlight that our septic cohort includes 15% severe sepsis patients whereas the others only had septic shock. However, inclusion of only septic shock patients from our cohort resulted in even lower mortality rates; day 28 mortality of 17% and hospital mortality of 29%. Our mortality rates are in line with those reported from Scandinavia such as in the Finnsepsis study (21) . main center; explaining the dominance of abdominal infections in our study, with E. coli being the most prevalent pathogen. There are few data related to the effects of different sources of infection on outcome. It has previously been suggested that abdominal infections may be more severe (30, 31) than respiratory infections. A recent study showed no differences in age, sex, severity score, or mortality rates between the two groups, but the development of septic shock, early coagulation, and acute renal failure was more common in patients with abdominal infections (32) . The fact that abdominal infections dominate should, if anything, influence our mortality rates negatively.
Many studies have shown that the prognosis of severe sepsis and septic shock can be improved by using internationally recommended guidelines (33) . The efficacy and speed of early management and adequate treatment in the initial hours after onset of illness are likely to influence outcome, in analogy with the treatment of acute myocardial infarction or acute trauma. Early Goal-Directed Therapy in severe sepsis and septic shock patients has been shown to improve 1-year mortality rate compared to standard treatment (34) . Our 1-year mortality rate matches this outcome although there was no explicit adherence to an EGDT protocol. Importantly, the severity of disease in our septic shock patients was higher (SOFA score 10.4 ± 3.4 vs. 7 ± 4) suggesting that our patients were more severely ill compared to the patients in the study of Puskarich et al. (34) . National guidelines in Sweden, at the time of the study recommended the use of low dose corticosteroids for septic shock patients in the need of inotropic support, but is currently restricted to those with persisting hypotension despite inotropic therapy. Seventy-three percent of our septic shock patients received hydrocortisone, indicating underprescription by guidelines at the time, but overprescription by current standards. Overprescription likely had no effect on mortality (10) .
Time to receive adequate antibiotics is a critical survival factor (18) , in particular prior to shock recognition (19) . In this study, we report that the majority of patients received appropriate antibiotics within 2 h, which is shorter than in many other studies reporting 3 h or longer (19, 22) . This, and the fact that 93% of the patients in our cohort were given adequate antibiotics from the onset could partly explain the low mortality rate. So far, Sweden has managed to contain antibiotic resistance (35, 36) . It is among the countries with the lowest rates of MRSA (<1%) and E. coli-producing ESBL (<5%). First-line antibiotics still work -for example, S. pneumoniae is routinely treated with penicillin G or V.
A troubling finding was the noted gender difference in time to seeing a clinician and receiving adequate antibiotics, which could not be explained by severity of disease, clinical presentation, diagnoses, or inflammation (i.e., plasma cytokine levels at inclusions). Previous studies have reported a potential impact of gender on mortality in sepsis, but the results are inconsistent: some found a higher risk in men (37) , some in women (38) , and some found no difference (39) . Here we report, for the first time, that gender influences time to antibiotic treatment. Considering the strong link between time to antibiotics and outcome of severe sepsis and septic shock, this is a clinically important finding. In an attempt to seek the underlying reason for this delay in treatment, the female and male cohorts were compared with respect to diagnosis, etiology, and severity of infection but no differences were identified expect the fact that the females were younger. However it should be noted that this subgroup analyses is based on a small patient cohort and the results need to be verified in larger studies.
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In summary, the results demonstrate low mortality rates, both short-and long-term, in this patient cohort despite high APACHE II scores and presence of multiple comorbidities. A multivariate analysis revealed that risk factors for a fatal outcome in sepsis was age, cardiac heart failure, immunosuppression, and SOFA score. Our low mortality rates may be explained by the combination of a well-functioning triage system that directs the patient to the right priority group, the presence of an Infectious Disease specialist both in the ER and the ICU, the lack of resistant isolates and short-time to adequate antibiotics together with early aggressive fluid resuscitation. Although the majority of the patients received adequate antibiotics from the beginning, the data suggested that women with community-acquired severe sepsis and septic shock had a delay in antibiotic treatment as compared to men; a concerning observation that warrants further studies.
